UCRL- 84536
PREPRINT

DETECTION EFFICIENCY OF Ge(Li) and HPGe
DETECTORS FOR y-RAYS UP TO 10 MeV -

e A hony  GIRCULATION copy

IN TWO WEEKS

This paper was prepared for submission to
the Sixth Conference on Application of Accelerators
in Research and Industry, Denton, Texas, November 1980.

August 11, 1980

This is a preprint of a paper intended for publication in a journal or proceedings. Since
changes may be made before publication, this preprint is made available with the un-
derstanding that it will sot be cited or reproduced without the permission of the author.



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.



DETECTION EFFICIENCY OF Ge(Li) and HPGe
DETECTORS FOR y-RAYS UP TO 10 MeV*

J. Lin*, E. A. Henry, and R. A. Meyer

Lawrence Livermore Laboratory
Livermore, CA 94550

ABSTRACT

We have calibrated the relative efficiency up to 9.7 MeV for two coaxial detec-
tors, one Ge(Li) and one high purtiy Ge. The efficiency curves were determined

by using a combination of standard radioactive sources and (n,Y ) reactions.

Based on the result of this work, the general slope of the two detector efficiency
curves appears to be similar and in agreement with earlier work reported by
McCallum and Coote. When plotted as a semilogarithmic function of energy the

efficiency is linear from 2 to 9.7 MeV.
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I. Introduction
The use of high resolution Ge(Li) or high purity Ge detectors (HPGe)for
nuclear spectroscopy requires a determination of detector efficiency and
energy calibration. In general, standard radioactive multigamma-ray
sources emitting conveniently spaced photopeaks with well known energies
and relative intensities have been used!. Standard sources such as 1827,,
56co, 133pa, HomAg and 226Ra have been common]y used in nuclear counting
laboratories for those purposes over various eﬁergy regions. The technique
of using several sources with overlapping energy ranges extends the detector
efficiency and energy calibration. Unfortunately the energy region cali-
brated with this technique is usually limited to an energy less than 3.5 MeV.
A 96Co source? is the only long-lived source which will provide photopeaks
up to 3.5 MeV. Above that no convenient standard source is currently
available for both energy and efficiency calibration. The efficiency cali-
bration of Ge(Li) detectors has been studied by many authors3:4:5. McCallum
and Coote® reported on detector relative efficiency studies up to 11 MeV.
They found that the efficiency curve of a Ge(Li) detector decreased rather
rapidly above 4 MeV compared to a linear extrapolation on a log-log plot
of efficiency versus energy. Our studies of the decay of the fission
product 845 (Qg * 10 MeV), using the automated fast chemistry facility7
at Lawrence Livermore Laboratory (LLL), have revealed intense gamma rays
up to 9 MeV. In order to determine the gamma ray abundances, we have had
to re-exaﬁine the shape of efficiency curves up to approximately 10 MeV
for both the Ge(Li) and the high purity Ge detectors used in our measurements.
Information on beta strength functions of many nuclei far from the stability,
especially the neutron rich nuclei, are largely deduced from the study of

gamma rays. Consequently the determination of the efficiency curve of a



gamma ray detector at high energy is an important component in both gamma-

ray and beta-decay studies.

Methology

The absolute efficiency of a Ge(Li) detector has been determined with an
accuracy of approximately 2% using several standard multigamma-ray sources®.
This high accuracy calibration is presently limited to energies less than
2 MeV. With the 56Co available, efficiency calibration could be extended
up to 3.5 MeV. In this work we have re-examined the efficiency curves of
a Ge(Li) and a HPGe coaxial detector by using a combination of standard
multigamma ray sources and thermal neutron capture-gamma-rays. Standard
multigamma ray sources! such as ]33Ba, ]lomAg, and 96Co have been used

to cover the energy range up to 3.5 MeV for both detectors. The thermal
neutron capture on targets of stable chromium isotopes and 35C1 were used
for producing gamma rays up to approximately 10 MeV. The thermal neutron
reactions for both targets have relatively high capture cross sections

(o, (53Cr) = 18 b; o, (35C1) = 43 b) and produce prominent gamma rays of
well known energies and intensities8:? which are well spaced over a wide
energy range. Therefore, they are highly suitable for determinations of
detector efficiency. In addition both targets are easily accessible and
have physical properties that are tractable. The common neutron capture
standard, 14N8, is also a potential source for high energy calibration,
but was not used in this calibration because of its relatively low thermal
neutron cross section. Relative intensities of high energy gamma rays such
as 93Cr (n,y) %4cr and 14N (n,y) 15N reactions were first determined using
relative efficiency curves deduced from known intensity balance of certain

single cascades from (p,v) resonances®.



IIl.

Iv.

The lack of consistent, reliable efficiency standards at high energy has
caused many measurements of relative and absolute thermal-capture-gamma-ray
intensity to be in error by more than 10510, wWith experimental improvements
the errors of relative intensity for gamma rays in the 35C1 (n,y) 36C1
reaction have been reduced to a value which is comparable to the

lines of 19N (=5%). For this work, we have combined both standard multi-
gamma-ray sources and capture gamma-ray sources to determine the detector
efficiency curve by normalizing strong low energy photopeaks in the capture
gamma ray sources to the curve determined from radioactive standards. If
the absolute intensity of standard gamma ray source is known, the absolute

efficiency of the detector can also be determined at high energy.

Equipment and Detectors

An external beam of thermal neutrons with a flux of approximately 109
n/cmé/sec were obtained from the Livermore Pool Type Reactor. Targets

of natural abundance chromium metal or CClg sealed inside a pyrex tube
were placed separately in the neutron flux at a distance of 32 cm from the
lead shielded gamma ray detector. Liquid nitrogen cooled ORTEC coaxial
detectors (one Ge(Li) and one high purity Ge), both with an efficiency of
approximately 13% and a resolution of approximately 2 keV at 1.332 MeV
were placed at an angle of 90° to the neutron beam. Standard nuclear
spectroscopy equipment including a Canberra 80 series multichannel analyzer
was used. A standard Pb X-ray absorber consisting of Cu and Cd foils
surrounded the detector during the measurements. Area extraction of

gamma ray peaks was done by the available programs in the analyzer.

Results

In Fig. 1 we present the efficiéncy curves for both detectors that result



from our work using a combination of standard multigamma-ray sources and
capture gamma rays. The top curve in Fig. 1 is for the high purity Ge
detector while the bottom curve is for the Ge(Li) detectorf Both curves
deviate rather rapidly from the straight line extrapolation on the log-log
graph. At approximately 10 MeV, the measured curve has dropped approximately
a factor of 2 below a straight 1ine extrapolation. For the energy region
between 300 keV and 3 MeV, the curve appears to be a straight line. The
dotted lines indicate the linear extrapolations for the purpose of comparisons
with the measured efficiency curves. Based on direct comparison between

these curves, they are similar in shape and in agreement with the work of

McCallum and Coote®.

Table 1 gives the coefficients of 5th and 6th order polynomials obtained ‘
from an unweighted computer fitting of the data points for two different
energy regions. The equation of relative efficiency is given in the form

of Tne = I aj(ln Ei)j“], where E; represents the energy in units of keV
j=1,6

and aj are coefficients given in the table. Both equations are plotted as

smooth curves in Fig. 1..

When plotted on a semilogarithmic plot, the efficiency curve for both detec-
tors appears to be linear from 2 to 10 MeV. From the practical point of view,
extention of the efficiency curve based on a straight line extrapolation

on a semilogarithmic plot would be a workable method for obtaining an
approximate efficiency curve at high energy, even without using thermal
neutron capture gamma rays. Since the slope of the curves for these two
detectors is slightly different at high energy, it would become more reliable
to have at least one independent calibration point at high energy. A possible

calibration point is the gamma ray at an energy of 6.129 MeV that occurs in



the deexcitations of 160. It can be produced by the reaction of 13¢
(a,n) 160, as the result of population at the level of 6.129 MeV in
16011, A combination source such as 244Cm + 13C can be made and ab-
solutely calibrated!2. Hence a secondary standard gamma-ray source for
establishment of the high energy portion of both energy and efficiency

calibration is possible.
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Fig. 1. Relative efficiency curves. The upper curve is for the HPGe detector
and the bottom one is for the Ge(Lig detector. Both detectors with
x-ray absorbers were placed at 32 cm to the target.



TABLE 1

COEFFICIENTS OF POLYNOMIALS FOR RELATIVE EFFICIENCY CURVES

In Ei = )
Jj=1,6

j-1
aj(ln Ei)J

with x-ray absorber

Ge(L1i)

with x-ray absorber

80 1,000 700 10,000 80 1,000 700 10,000
(keV) (keV) (keVv) (keV)

a; | 5.583484 x 107! 5.554820 x 1071 5.454347 x 107 5.425167 x 107]
ap | -8.143926 x 1071 | -8.513116 x 107! | -8.200305 x 107! | -9.039662 x 107!
ag | -4.716715 x 1072 | -4.417474 x 1072 | -8.378286 x 102 1.493954 x 1072
ag | -2.651750 x 101 | -3.969594 x 102 | -3.384564 x 107! 2.451231 x 107!
ag | -1.457360 x 107! 2.453228 x 1072 | -1.741303 x 1077 | -2.886225 x 107!
a 0 -1.497862 x 1072 0 6.220418 x 1072







